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Hamilton q , p $(p, q)$ (
) $pq$ $n$ 2 $n$
Hamiltonian H $(p q)$
$\frac{dp}{dt}=-\frac{\partial_{H}}{\partial_{q}}$ , $\frac{dq}{dt}=\frac{\partial H}{\phi}$
Hamilton
symplectic structure 2 $\omega^{2}=dp\wedge dq$
$d\omega^{2}=0,$ $\omega^{2}\neq 0$
2
(canonical mapping) (time flow) $g_{t}$
$g_{t}$ : $(p(0),q(0))|\mapsto(p(t),q(t))$
(phase volume)
$q$ $p$ $f$ $(p, q)$





$\{\cdot, \cdot\}$ Poisson Hamiltonian









IRK (implicit Runge-Kutta method) IRK
$\frac{dy}{dr}=f(t,y)$
$\{\begin{array}{l}y_{i+l}=y_{i}+h\phi(t_{i},y_{i},h)h=t_{i+l}-t_{j}k_{\dot{j}}=f(t_{i}+c_{\dot{j}}h,y_{i}+h\sum_{l=l}^{s}a_{jl}k_{l})\phi(\prime sj=\iota^{b_{j}k_{\dot{j}}}j=1,\cdots s\end{array}$
$(t_{j} ’ y_{l})$ $(t_{l+l}y_{j_{+l}})$
$c_{j}= \sum_{l=1}^{s}a_{jl}$ $\sum_{j=1}^{s}b_{j}=1$
$A=\{\begin{array}{lllllll}a_{l1} a_{l2}\cdot \cdots \cdots \cdots \cdots a_{ls}\vdots \vdots a_{sl} \cdots \cdots \cdots a_{ss}\end{array}\}$
$c=\{\begin{array}{l}c_{l}c_{2}\vdots c_{s}\end{array}\}$











Hamiltonian $H$ $(p , q )$ $p$ , $q$ 2
2
$M$



















$i\phi_{l}+\phi_{xx}+q|\psi|^{2}\psi=0,$ $(-\infty<X<+\infty, t\geq 0)$
$\phi(x,0)=g(x)$ $(-\infty<\chi<+\infty)$



























$l\phi_{l}+\phi_{x\mathfrak{r}}+q|\psi|^{2}\psi=0,$ $(-\infty<x<+\infty, t\geq 0)$
$\phi(x,0)=g(x)$ $(x_{l}\leq x\leq x_{r})$
$\phi_{X}=0$ $(x=x_{l},x_{r}, 0<t\leq T)$
$\phi=v+lw$
$\{\begin{array}{l}v_{l}+w_{XX}+q(v^{2}+w^{2})w=0w_{l}-v_{XX}-q(v^{2}+w^{2})v=0(x_{X}\leq x\leq x_{r},0\leq t\leq T)\end{array}$
$v(x,O)=g_{r}(x),$ $w(x,O)=g_{j}(x)$ $(x_{l}\leq x\leq x_{r}, g(x)=g_{r}(x)+ig_{i}(x))$
$v_{X}=w_{X}=0$ $(x=x_{l},x_{r},0\leq t\leq T)$
2




$v_{0}=v_{2}$ , $w_{0}=w_{2}$ , $v_{N+1}=v_{N-1}$ ’ $w_{N+1}=w_{N-1}$


















Sanz-Serna,Verwer $0(h^{2})$ Shamardan $0(h^{4})$
$[x_{l},x_{r}]$
(a)
$i(\dot{u}_{j+1}+10\iota 1_{j}+\iota i_{j-1})+12h^{-2}(u_{j+1}-2u_{j}+u_{j-1})+q(|u_{j+1}|2 u_{j+l}+l0|u_{j}|2 u_{j}+|u_{j-1}|^{2}u_{j-1})=0$







$P=\{\begin{array}{lllll}5I I I l0I I \ddots \ddots I 10\cdot\cdot I .5I\end{array}\}$
$I=\{\begin{array}{ll}1 00 1\end{array}\}$




$\{P^{-1}S_{ll},u\}=0,$ $\{Q(\iota c)_{l\ell,ll}\rangle$ $=0$
3-3
$M=0$ IRK 1 2 2 4 Gauss-Legendre Sanz-
Serna,Verwer 1 2 ( ) $2$ 4 (Butcher
) . $Sh$ amardan 1 2 Butcher
(a )Sanz-Serna,Verwer (1 2 )
$ll^{n+1}=l 1^{n}+\tau P(\frac{\iota\iota^{n}+\iota\ell^{n+1}}{2})\cdot[\frac{u^{n}+u^{n+1}}{2}]$








$(c )$ Sanz-Serna, Verwer (2 4 )
$u^{n+\iota_{=}}l 1^{n}+\frac{\tau}{2}(k_{1}+k_{2})$
$k_{l}=P( \iota\iota^{n}+\frac{1}{4}\tau k_{l}+(\frac{1}{4}+\frac{\sqrt{3}}{6})\tau k_{2})[\iota r^{n}+\frac{1}{4}\tau k_{1}+(\frac{1}{4}+\frac{\sqrt{3}}{6})\tau k_{2}]=f_{1}$
$k_{2}=P(ll^{\prime l}+( \frac{1}{4}-\frac{\sqrt{3}}{6})\tau k_{1}+\frac{1}{4}\tau k_{2})[u^{n}+(\frac{1}{4}-\frac{\sqrt{3}}{6})\tau k_{1}+\frac{1}{4}\tau k_{2})]=f_{2}$
$k_{1},k_{2}$ Newton 2
(i)
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